We evaluated the effect of two devices used to reduce needlestick injury and blood spillage on the flow of saline, polygeline and blood through intravenous infusion equipment and their effects on methods of increasing flow. The devices studied all reduced flow compared with control. The reductions were less for the reflux valve ( 9%) and greater for the anaesthesia extension set ( 59%), with little further reduction in flow when both were used in series ( 60%). Reductions in flow increased with increasing viscosity of the fluid infused, being greatest with blood.
The ability to infuse large volumes of blood and other fluids rapidly can be crucial for not only the hypovolaemic patient but also for the anaesthetized patient who has large fluid shifts and potential blood loss perioperatively.
In an effort to reduce the risks of needlestick injury and blood contamination of personnel and equipment a variety of devices have been introduced into clinical practice [1] [2] [3] [4] [5] . Tompkins 5 has recommended that all intravenous infusion sets incorporate a needlefree injection device. A fall in the rate of needlestick injury among Australian anaesthetists (from an estimated one per anaesthetist every month to one every two years) has been attributed to the increasing use of these devices and to the increased wearing of gloves and utilization of disposable bins for sharps 2 . It has been estimated that up to 90% of needlestick injuries could be eliminated by such devices 3, 4 .
This study was conducted to evaluate the effect of these devices on flows through a commonly used infusion system and to determine how this flow reduction can be compensated by available methods of increasing flow.
MATERIALS AND METHODS
The devices tested were the reflux valve (Safsite, B Braun, Australia) and the 75 cm anaesthesia extension tubing (Discofix, B Braun) (see Equipment List). The reflux valve minimizes blood spillage when changing infusion lines and provides a needle-free port of injection. The anaesthesia extension consists of a length of tubing and a three-way tap for needlefree injection of drugs into the fluid path at a distance from the cannula site.
Flow was determined in vitro using clinical equipment in a modified set-up ( Figure 1 ) in accordance with the British Standard 4843 on intravascular cannulae 6 . The fluid container was connected to the intravenous infusion set so that the junction was 100 cm above the cannula. Fluid was allowed to flow by release of a surgical clamp for 15, 30 or 60 seconds into a graduated volumetric measuring cylinder, timed with an electronic stopwatch. Flow was calculated as volume per unit time and recorded in ml/min. A constant pressure head was maintained between trials by returning the fluid to the container.
The cannulae used were 18g, 16g and 14g cannulae. Pressure heads used were gravity alone (100 cm) and a rigid pressure box generating 300 mmHg pressure. Fluids used were sodium chloride 0.9% 1000 ml, polygeline 500 ml and recently expired red blood cells as presented by the blood bank (haematocrit 0.50 to 0.55) and also diluted with 0.9% saline (haematocrit 0.30).
Control measurements (without device) were made for each combination of cannula, pressure and fluid. Measurements were then made for each combination of cannula, pressure and fluid with the device connected between the giving set and the cannula. Determinations using saline and polygeline were repeated three times and those using blood were repeated twice. All measurements were made at 20°C. Standard deviations were calculated using a spreadsheet program. Results were analysed comparing each device with control and the other devices using ANOVA. Bonferroni-Dunn post hoc testing was applied when the F value indicated significance (at an alpha of 0.05) using statistics software. 
Equipment List

RESULTS
Results are shown in Tables 1 and 2 which show the actual flows measured in ml/min for each device and condition, and this flow as a percentage of the control (identical set-up without device). Tables 3 and 4 show how pressurization or increasing cannula bore improves flow for the various conditions. This can be compared with the reductions in flow with the devices.
Results are shown graphically in Figures 2 to 4, which show flows for each device and condition as a percentage of the flow without the device. The differing effects of fluid, pressure and cannula size are seen for each device.
DISCUSSION
All devices studied reduced flow compared with the control. The reductions in flow for the reflux valve under all conditions were less than 10%. The reductions for the anaesthesia extension were 12% to 60%. The addition of the reflux valve in series with the anaesthesia extension caused little further flow reduction compared with the anaesthesia extension alone.
We found two other studies in the literature on similar devices. Holdgate et al 15 studied the effect of using the Braun reflux valve on flow of saline and polygeline through 18 and 14 gauge cannulae under gravity (100 cm) using a standard giving set with inline burette. They found a reduction in flow of 3% to 12% with the reflux valve which is similar to the flow reduction found in our study of 0% to 9%. McHugh 16 studied the effect of the Baxter Interlink Injection Site Bung on flow of saline through 16 and 14 gauge cannulae under gravity and found flow reductions of 9 and 11%.
Determinants of flow for Newtonian fluids along cylindrical tubes have been described for laminar and turbulent flow according to physical equations, however in practice it is difficult to calculate flows for infusion equipment from these equations due to the 
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Anaesthesia and Intensive Care, Vol. 27, No. 5, October 1999 difficulty in accurately quantifying all the variables in vitro 7 . Further, in the patient, venous resistance may become important. Selwyn and Russell 7 concluded that although flow is theoretically proportional to the fourth power of the radius, in practice increasing the radius results in a linear increase. Clinically it is useful to categorize the factors affecting flow into equipment, fluid and patient factors. Equipment factors include cannula radius and length, driving pressure, tubing radius and length, and uniformity of flow path [7] [8] [9] [10] [11] [12] [13] . It is these latter three factors which are likely to be responsible for the reduction in flow caused by the devices. The former three can be manipulated to overcome this reduction.
The devices used increase the non-uniformity of the flow path and this would tend to favour the production of transitional and turbulent flow and hence result in flow reduction. This is caused by a flexible diaphragm in the reflux valve and the three-way tap in the anaesthesia extension.
An alternative strategy to the use of the extension set is to replace the rubber bung of the injection port with a reflux valve to provide a needle-free injection site in parallel with the main fluid path with perhaps less effect on flow than a three-way stopcock in series. The tubing used in the anaesthesia extension has a similar external diameter to the intravenous infusion tubing used in our study, but with a considerably narrower internal diameter (2.0 mm compared with 3.2 mm). Its appearance may lead to underestimation of its effects on flow. The three-way tap also has a smaller internal diameter than the infusion tubing.
The effect of driving pressure has been examined in many studies [8] [9] [10] 12, [17] [18] , and automated pressurization devices such as the one used here increase flow by 200% to 300%. Despite the incorporation of the devices into the flow path, a comparable range of flow increase was observed with pressurization (130% to 406%). The flow reduction produced by the reflux valve was more than compensated by increasing pressure or increasing to the next larger cannula size (compare Tables 1 to 4 ). The flow reduction produced by the anaesthesia extension was compensated by increasing pressure but not by increasing cannula size (compare Tables 1 to 4 ).
According to Reynold's equation, more dense fluids (such as packed cells) are more likely to have turbulent flow for given conditions, and hence flow more likely to be affected by the devices. Reducing density by dilution of the packed cells predictably reduces turbulence and the effect of the devices. The devices reduced flow by a similar amount for the four different fluids, with a slightly greater effect on the more dense and viscous fluids.
Recycling the blood may have introduced error due to red blood cell trauma which could affect the flow characteristics 14 . The blood was recycled due to the logistical problem of obtaining large quantities of blood. However the results using both packed and diluted red cells were highly reproducible. The possibility of further impairment in the flow characteristics of the infusion system and devices with longer term infusion of blood or multiple blood transfusions was not addressed in this study.
CONCLUSION
The addition of a reflux valve will cause minimal flow reduction while reducing blood spillage and this reduction in flow is compensated by increasing pressure or increasing cannula size. The anaesthesia extension produces significant reductions in flow, not compensated for by increasing cannula size. When high flows are required for the resuscitation of patients, the best choice of needle-free device among those tested is the reflux valve. The reflux valve is used on almost every intravenous cannula in our hospital. It is a common belief that use of a reflux valve on a larger cannula causes large reductions in flow. Our in vitro study does not support this belief. The reflux valve provides a satisfactory balance between safety and flow.
